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Abstract

This report summarizes the new data submitted to the XXI International Conference on
High Energy Physics on high mass dimuon production in m~N and pN interactions by
Fermitab Experiment E-537, CERN Experiment NA3 and Fermilab Experiment E~326.
Successes and failures of the Drell-Yan model and low order QCD are reviewed,

New
results on the production of the J/Y from E-537, NA3 and CERN experiment WAll are
also reported.



Introduction - Experiments which measure the production of high mass (M > 4 GeV/cZ)
dilepton pairs present opportunities to confront the constituent picture of hadrons
which has evolved in the last decade. Comparison of the dilepton data with the
predictions of the Drell-Yan model! {zeroth order QCD) and the Compton and
annthilation processes2 (first order QCD) allow the guark and gluocn structure of the
hadrons to be determined. Studies of the production of lepton pairs in gN collisions
provide an opportunity to test the Dreitl-Yan and QCD picture of hadronic production
of lepton pairs using the nucleon structure functions determined in deep inelastic
lepton scattering experiments. Measurements of high mass lepton pair preduction in
TN interactions make it possible to measure pion structure functions which cannot be
determined in deep inelastic lepton scattering experiments. New data has been
presented at this conference on the production of high mass lepton pairs in both BN
and TN interactions.¥»"*%

In addition to the new data on the high mass lepton pair production new data has been
reported at this conference on the production of J/Y(3.1) in PN and ™N
interactions.®™® In the same manaer that high mass pair production sheds light on
hadronic quark structure functions, the measuyrement of direct J/¥ production has been
used to determine gluon structure functions.’ Finally the observation of multiple y
production has been repgrted.3 The production of di-y events may be an indication of
rare processes such as BB production.

High Mass Muon Pair Production - The confrontation of Drell-Yan and first arder QCD
with the high mass muon pair production data has had both successes and fajlures to
date. The inability of the naive Drell-Yan model to predict the absolute level of the
cross sections for p pair production has been quantified as the 'K factor' for TN and
PR reactions. This quantity is defined as the ratio of the measured cross section to
the Drell-Yan prediction (using some choice of hadronic structure functions such as
the CDHS nucleon structure functions). The preliminary new results (denoted by the
astericks) from E-537 for K are shown in Table | along with the results of previous
experiments.

1. . . _do do _
Table 1: Experimental K Factors (K aHaxy data/dexF Drell-Yan)
Plab Beam/Target K Experiment
* 125 pN 2.25 & 0.45 Fermilab E-537
150 pN 2.3 4+ 0.4 CERN NA3
- 39.5 ' wN 2.6 0.5 CERN BCE (Omega)
* 128 T N, 2.5 * 0.5 Fermilab
150,200 TN 2.2 0.3 CERN NA3
150 B o 2.4 + 0.4 CERN NA3
150 TP 2.4 + 0.4 CERN NA3
150,175 . mp 2.8 CERN WAl
150 pN 2.2 + 0.4 CERN NA3
koo pN 1.7 Fermilab E-288
koo pN 1.6 +0.3 Fermilab E-439
2115 (/5=63) pp 1.6 CERN R-209




-3

The data given in Table 1 for TN reaction are consistent wlith one another but the pN
data show three experiments with K factors of approximately 1.6 to 1.7 and one experi-
ment, NA3 with a nucleon K Factor of 2.2. The new PN data shown by E-537 is the only
other experiment besides the NAJ experiment to obtain a K factor greater than 2 for
the nuclecn or antinucleon reactions. Other than the problem with the nucleon K
factors the data seem consistent with a K factor relatively independent of beam type
and in general greater tham two. No experimental evidence has yet been presented that
would suggest that the K factor is a function of any kinematic variable.

. . . . - -+ R
Using Proton West enriched antiproton beam (obtained from A + pm  decays) Fermilab
Experiment E-537 recently completed the highest statistics measurement of pN - ptu~
to date.
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The scaling cross section, M3 do/dM, determined by the E-537 experimenters is shown in
Fig. la along with the higher energy NA3 pN data. The solid line is 2.3 times the
simpte Dre!l-Yan calculation of this cross section obtained by using the CDHS structure
functions.? Figure 1b shows new data from E-537 for 7°N -+ p™u~ along with older data
from NA3 at other energies. These figures indicate two of the successes of the
simple Drell-Yan model (prediction of the shape of M3 dg/dM and 'the scaling property
of this cross section) and one of the failures (inability tg predlct the absolute
level of the cross section). T T
xFu——hurxzzssv 7]
QN =gt ) 125 G 4
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A third success of simple Drell-Yan has been the pre~
diction of the shape of the Xg distribution for dimuon
production. In particular, as seen from the E-537 data
shown in Fig. 2, shape of the Xp distribution (but once
agaln, not the absolute level)} is well predicted for

PN - u uTx using the CDHS structure functions. This
reaction 'tests' the Drell-Yan picture more completely
than the 7N data shown in the same figure since the

T N dimuon data as a function of X_ must be used to
extract the pion structure function. |In the case of the
PN reaction the nucleon structure functions can be
obtained independently from deep inelastic lepton
scattering. The curves in Fig. 2 are the naive Drell-
Yan prediction using CDHS structure functions for the _
pN reaction and NA3 pion structure functions for the © N
data. These predictions are multiplied by the E~-537 K
factors given in Table 1. These data indicate that the
structure functions for the p and 7~ are roughly
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consistent with CDHS and NA3 structure fun-tions
respectively. The E-537 experimenters have not
yet made an independent determination of structure
functions from their data.

Fermilab experiment £-326 has made the independent
determination of the pion valence structure
function as shown in Fig, 3 using a part of their
225 GeV/c mN data. After checking that the fac-
torization of M? do/dX)dXs into a product of
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a functicn of X, and a function of X, is valid, the
E-326 experimenlers have extracted t%e pion struc-

ture function V (XI)=(0.7SiO.2)¢§'(I-X)]'Orioflo

which is consisgent with previous NA3 measurement. At the
current stage of their analysis, they have used the pion
sea quark distributions of NA3 rather than independently
determining the sea distribution from their data.

Ol

The analysis of the dimuon cross sections as a function of
YT and Xg that have been reported above in general depend
only on the simple Drell-Yan picture with little or no need
for recourse to higher order QCD. However, when the py
spectrum of the dimuon is analyzed, QCD effects appear.
Higher order processes in ag such as gluon Compton scatter-
Ing or quark-antiquark annihilaticn contribute and produce
high pr muon pairs. Two different techniques have been
used in the contributicons to the conference to analyze the p
of the dimuon system. E-537 has analyzed the shape of

the  pr distributions of their 125 GeV/c p and 7~ data
{shown in Fig. &) by the Altarelli, Parisi, and Petronzio
technique.?? The nongaussian tail of the pr distribution
is explained in this technique by the Compton and
annihilation processes. An intrinsic <k2>  0.88 GeV/c2
{(which has been observed in pN - wtu™ in eractionst!),
counting rule gluon structure funmctions and NA3 and CDHS
quark structure functions have been used toc produce the
curves which are shown in Fig, 4. However, this technique
requires the assumption that the hard gluon processes are
the only contributors to the high pr tail. In fact, soft
gluon processes may very well contribute and.the <k2> which
Is needed to explain the data may be an overestimate.

A second method can be used to determine the intrinsic kT of
S dependence of <p2> is assumed to be due to QCD processes.
polation of <pZ> (but not necessarily <pr>)
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to 5=0 should yield an 'intrinsic! <k7>.
Figure 5 shows <p%> vs, $ for several T°N -
u*u" measurements. NA3 have fitted thejr
three data points at_l50, 200 and 280 GeV/c
toza linear form, <pf> A+BS. They find
<pg> = (0.76+0.07) + (0.0025:0.0002)S GeV/cZ.
If all the data in the_plot including the. new
E-537 point are fit,<p2> = (0.62+0.05) +
(0.0028+0.0002)S is obtained. This second
fit is shown in Fia. 5. Figure 6 shows a
similar plot of <py> vs. 'S prepared for

pN_~ y*u~. The proton data when fit with
<pP> = A+BS yields <p$> (6.59:0.19) +
(0.0013+0.0002)$. The slope is less than
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is approximately the same for the q ' ' ' : ' ' ) ) ' P
proton and pion data. (The three L JEv 022 '
€-288 data points have been lowered :
slightly to account for the fact <Py >»{0.39£0.10)+{0.001320.0002}
that they are Xp=0 data. The “r [
average of all events at Xg > 0
Is expected by the Altarelli % 4
model to have a 15% lower <p%> i
than the X = 0 data.) In Az PNt J
addition the pN data (see Fig. 5) & 4 OMEGA
from E-537 and NAZ while not of i S e commectens
the quality of the m™N data seem L 8 R209 (158}
to be similar to the pion measure-
ments except that the <pZ> for 305 B60 1200 usloo2 3630 2460 2660 3200 3600 4050
the p data is slightly lower at 3 (Gev") _ Hs. 6
a given energy. Part of the '
difference in slope of the S dependance may be — T T T
due to the different S dependence of valence-
valence quark interactions {which dominate 3 T
pN and TN reactions) and valence-sea quark *
interactions {which dominate pN interactions).
The observation of similar intercepts of these - J
two plots suggests similar intrinsic ky for * +
valence and sea quarks in protons and pions. @ R +
The NA3 experimenters have attempted to predict I wgs3 T
the slope of their TN data (Fig. 5) due to the — TS
R . —_— —— Te= .2
annihilation and Compton processes. The -
expected <p$> is given by 4 : 3 —% 8
M{Gev/c?) F6.7
2 |99 9% |,
S I b Sl B L
2 dey  dpp
<p;> =
T ) Ka
o

where Gp, Op, and o, are the annihilation,Compton, and Drell-Yan cross sections
respectively., K is the K factor previously defined and L is a corrective multiplier
which s used to parameterize the discrepancy between the predicted and observed
<pI>. As can be seen from Fig. 7,the calculation (for L=1,Kk=1.8) of the slope <p%>
vs. S falls far short of the observed slope at different masses. For ag = 0.3,

L/K = 1,52+0.13 and L/K s increasing with M:

The NA3 experimenters have also displayved <p%> as a function of /T, y, and mass at
each of their three erergies. As seen in Fig. 8a, b, c there are strong varistions
of <p%> with each of these variables and in general the strength of the variation
increases with energy. Explanation of this data by quantum chromodynamics will be a
challenge for the future.
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Production of the J/y Resonance - Three new contributions on the production of JAY
resonance have been reported at this conference by the £-537,% NA3Y and wall®
experimenters. E-537 has studied the antiproton production of J/U at 125 GeV/¢ and
in particular emphasized the comparison of these cross sections with TN production
of J/{ at the same energy. The ratio of total cross sections (c-/o_ = 0.88:0.05)
shown in Fig. 9a requires a large gluon fusion contribution to J?w production
according to the gluon/quark fusion model of Barger, et al.,'? to equalize the p and
T cross sections. The ratio o /o- shown in Fig. 9b indicates that gluon fusion is
the most important contribution"ta” J/U production in nucleon-nucleon interactions at
high energies, and is needed to explain the energy dependence of the o /o~ ratio.
The dotted curve in Fig. 9b is the prediction of the x production mode? 8f Carlson
and Suayal® in which the J/Y's are procuced through an intermediate P wave

state. i
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CERN experiment WAIl has attempted to determine the gluon structure fumction of the
pion by analyzing J/§ production in their 190 GeV/c 7~ data. In performing this
analysis they allowed for a 30.5% production of J/y¥ by the direct producticon of

a X state which subsequent decays into a J/{ plus a photon. This corrected X distri-
bution which is shown in Fig. 10 was fit by varying the input 7~ and nucleon structure
function to the gluon fusion model for J/U production. The results obtained for the

pion and nuclecn gluon structure functions are gﬁ(x]} " (1-X])?‘910'3 and gN(Xz) =

(I-XZ)S'? Negligible changes in the pion exponent takes place when the CDHS para-
meterization is used for the nucleon.

The final new contribution to the conference was the report of NA3 of the detection
of di-y production in their 150 GeV/c and 280 GeV/c -
7N data. Qut of a sample of 1,359,000 V events
accumulated at the twe energies, a total of 13 wal
events with two J/'s have been found {6 at 150 Gev/c W+ T/ +x
and 7 at 280 GeV/c). This yield corresponds to a : 190 Gev /e
ratio (after correction for the u*g‘ branching
ratio) of aPi/c, = {3.0£1.0) x 10”* and cross
sections, oy =¢18t8 picobarns at 150 GeV/c,

30£10 picobarns at 280 GeV/c. The acceptances used
to arrive at these cross sections were calculated
using either an uncorrelated Y production or a
mode] which assumes that the Y's are decay products
of B mesons. The error in the cross sections
includes the uncertainty in this acceptance due {
to the uncertainty in the production process.
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The strong indication as seen in
the mass spectrum of the di-y's
shown in Fig. lla is that the
Y's are correlated. The curve
shown in this figure is the
prediction for uncorreltated
di-}'s. It peaks considerably
below the average mass of the
observed di-} events. (The cross
8 9 hatched squares are the 150 GeV/c
M\F?(GEV/CZ) F16. tla data.) A second evidence for
a correlation between the two
Y's is the py spectrum of the
di-y system shown in Fig. 1lb.
The uncorrelated ¢ model pre-
diction peaks somewhat higher
- - than the observed events. The
experimenters have made no state-
ment at this time about the
production mechanism for the

ﬂfg—. di-y's because of the limited
,-I. - é é ; : é statistics.
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Conclusion - Hadronic production of dimuons, both continuum and resonance, continues
to be a rich source of information about the constituents of hadrons and thelr
interactions. In particular with the present state of the continuum high mass data,
quantum chromodynamics is beginning to be confronted with a wide variety of effects
that the theory must explain. The first successes of low order QCD must now be
followed with higher order calculations in order to explain the K factor and

<pT> behavior as a function of the various kinetic guantities. The rescnance data

on the cther hand,while not having as complete theoretical framework for inter-
pretation,is beginning to yield information about the gluon composition of the hadrons.
In the future we can anticipate both new experiments and new analyses and perhaps new
understandings of these fundamental processes.
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